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ABSTRACT: 





In this paper we will discuss mechanics and electrical circuit problems in term of a 


differential equation in the field of engineering. The solutions of these differential equations 
are obtained by Sumudu transform. Sumudu transform is a very useful and powerful 
mathematical tool for solving many advanced problems of engineering and applied sciences. 
The Sumudu Transform was applied to solve differential equations. These equations are 
concerned with a damping mechanical force system and an inductive capacitive electric 


circuit. 


KEYWORD: Differential equation, Sumudu Transform, Inverse Sumudu Transform, 


Kirchhoff’s law. 
INTRODUCTION: 


The mathematical techniques used 
differential equations, these techniques 
successfully solve many physical problems 
associated with the behavior of the 
physical system. These techniques are 
widely used in classical mechanical and 
quantum mechanical problems. The 
solution of these equations needs knowing 
initial or boundary conditions or physical 
and mathematical constraints imposed by 
the physical system [13-14]. The 
importance of mathematical techniques 
encourages many researches in mathematic 
to propose new techniques for solving 
physical problems [12]. 


In the literature there are several works on 
the application of integral transform such 
as Laplace transform, Mohgoub 
Transform, Aboodh Transform, Kamal 
Transform, Elzaki Transform to name a 
few, but very little on the power series 
transformation such as Sumudu Transform 


because it is little known and not widely 
used yet. The Sumudu Transform was 
proposed originally by Watugala (1993) to 
solve differential equation and control 
engineering problems [6]. 


The Weerakoon [5] paper, showing 
Sumudu Transform applications to partial 
differential immediately 
followed Watugala’s [1] seminal work. 
Watugala’s [2] work showed that the 
Sumudu Transform can be effectively used 


equations, 


to solve ordinary differential equations and 
engineering control problems. 


The purpose of this study is to show the 
applicability of this transform and it’s 
efficiency in solving the linear differential 
equations. 


In the paper given few examples to 
understand the new method, Application of 
this new transform can used to solve 
mathematical mechanics and _ electrical 
circuit problems of linear differential 
equation with constant coefficient. 
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A new integral transform called the Sumudu transform is introduced in 1993 by G.K. watugala. 
This transform is defined over the set of function [1-3]. 


ne {Fe): 4M, t,t» > 0,[f (t)| < Mez,if t € (-1)! x [0, co) 


For a given function in the set A, the constant M must be finite, while tT, and tz need not 
simultaneously exit, and each may be infinite. The Sumudu transform of time function f(t) 
denoted by S[f(t): u] or simply G(u) then above equation can be reduced to following form. 


co 


1 xt 
Sf} = Gu) =={ er feat 


0 


where u is a parameter and it may be real or complex and it is independent of t [2-4]. 


The inverse Sumudu transform of function G(u) is denoted by symbol S~*[G(u)] = f(t) and 
defined with Bromwich contour integral [2]. 


yt+iT 


S[G4(u)] = f() = lim 5 | e“G(u)du 


y-iT 


Sumudu transform of the function derivatives [10-11]. 


n-1 (k) n-1 
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2.1 Application of Sumudu transform to some physical problem 


Application-I Consider now a particle having mass of 2 grams moves on the x-axis and is 
attracted a certain point with a force numerically equal to 8x. If it is initially at rest at O towards 
origin = 10, find its position at any subsequent time assuming 


a) No other force act on it. 


b) A damping force act numerically equal to 8 times the instantaneous velocity. These 
problems can be solved by using Sumudu transform 
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Solution: From Newton’s law, the equation of motion of the particle is 


with the initial conditions X(0) = 10 and X'(0) = 0 taking the Sumudu transform of both sides 


of (2), we have 


Pieaye6: Gp 8% = oar 


dt? dt? 
taking Sumudu transform of both sides of (1), we have 
S as +4S(X) =0 
dt? CaS 
using Sumudu transform for derivatives, then 


G(u) xX(0) Xx'(0) 


— — 4 4G(u) = 0 
Uu 


applying initial condition X(0) = 10 and X'(0) = 0 





con -229(_2 
= a \ta ap =(Gae 


taking inverse Sumudu transform of both sides of (2), we have 
X(t) = 10 cos2t 


(b) In this case the equation of motion of the particle is 


a NK ay - 0 
dt? dt = 


taking Sumudu transform of both sides of (3), we have 


S oes +458 a) +4 scx =0 
ate (a OD= 


using Sumudu transform for derivatives, then 


G(u) _ X(0) ay (< a) 
UuU 


UuU 


applying initial condition X(0) = 10 and X'(0) = 0 


4) —= = —* | 24 Gy S8 
U 


(1) 


(2) 


(3) 
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1+ 4u + 4u? 10+ 40u 
OS | eS 


u2 u2 





és _ (= + ai u? 
(= u2 14+ 4u + 4u? 





10+ 40u ) _ (~ + 20u + ) 


Gu) = 
(4) (; + 4u + 4u2 (1 + 2u)? 


10(1 + 2u) 20u 


6) = Cea *O+20? | 


(4) 


taking inverse Sumudu transform of both sides of (4), we have 
X(t) = 10e~7* + 20t e~ 7° 


Application-II Consider now a particle having of mass m grams moves along the x-axis and 
under of a force proportional to its instantaneous speed and in a direction opposite to the 
direction of motion. Assuming that at t = 0 the particle is located at x = a and moving to the 
right with speed Vo. 


Solution: The equation of motion of the particle is 


d?Xx dx 


Os eG (5) 


taking Sumudu transform of both sides of (5), we have 
‘ dx ie @ ) aij 
mo \ az) Nae) ~ 


using Sumudu transform for derivatives, then 


u2 u2 u m\ u u 


RAO LORE OR Oley 


applying initial condition X(0) = a and X'(0) = Vy 





uz mu u 





(" + a _ (= + pau + “our 
~ mu? 
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oe (qn tueu Your) mu? 
a= mu? m+ pu 
a(m + pu) + Voum 
G(u) =| ( Hu) 0 
m+ pu 
Vou 
G(u) = a+—T| (6) 


taking inverse Sumudu transform of both sides of (6), we have 
m He 
X =X(t)=a-— Kole mm -1 
L 


a+ Vom Vom _z 





—{t 
en (7) 
u u 
dx Vien He 
—s em 
at Oe" 
dx : Ht ap+ Vom 
when the mass comes to rest, ae 0 hence givese ™ =O and so from(7), X = = ee 


Vom 


Hence the mass comes to rest ata distance a + from the origin. 


2.2 Application of Sumudu Transform to some electrical circuit problem 


Application-III The Sumudu Transform can also use to determine the charge (Q) on the 
capacitors (C) and currents (I) as function of time. Here one applied an alternating electro 
motive force (emf) Esinwt. 


The differential equation for the determination of the Charge and current in the circuit is gives 
as[sinR = 0]. 


Solution: 


R L Cc 


Resistor Idductor Capacitor 


Switch 





po 42 = Esinot ... (8) 
dat Cc 
dQ 
(=: 2 9 
P (9) 
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where Q(0) = 0,1 = @ Oatt =0 Let S{Q(t)} = Q(u) 


a= 





appling Krichhoff’s law to the cricuit, we have 


d*Q dQ _ Q 
bag tae Esinowt 


taking Sumudu transform of both side of (8) and using (9), we have 
d2 
S (5) +S (2) = S(Esinwt) 


L{ 0c) - 000) -=0'()} +20) = Ef} 


14+ 0?u? 





applying the initial conditions Q(0) = 0,/ = Q'(t) = Oatt =0 


{Sea} + = lu) 4 EL; + ae) 





ow fF} =F wu } 


U2 


_E, ou i" 
oi L Fi + mara {3 + =a 


by resolving into partial fractions, we have 





E 
ow = 7 [bad Gear Tanne] ~ oD 


taking inverse Sumudu transform of both sides of (10), we have 





Charge @ = Q(t) = £{ 525} [(Be2 - 229) 


@ n 


dQ _e£E 


Current J = — = ={—* | (coswt — cosnt) 
dt L \n2-w?2 


Application-V: Gives x(0) = 0, solve 
L“+Rx=Ee™ .. (11) 
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RL Circuit 


Solution: 


oy RLF eat where x = 22 
dé bk dt 
appling Krichhoff’s law to the cricuit, we have 
L a’Q +R ay Ee~ 
dt? dt 


taking Sumudu transform of both side of (11), 


dx\ R > 4 
s (=) +55) =7S(e*) 


1 1 R ~ E 1 
te *O) + RRO (a + =a) 


applying the initial conditions x(0) = 0 


#0 (47) -7 a) 





Ae (- ~~) ~ ; (; a) 





au) =(; a) ig + a) 


by resolving into partial fractions, we have 


xu) = #( 9) | 4-4] (12) 


taking inverse Sumudu transform of both sides, we have 


x = x(t) = =(a—a) [eret—et] 
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Application-IV A resister of R ohms and a capacitor of C Farads are connected in a series with 
a generator supplying EF Volts. At t = 0, the charge in the capacitor is zero. Find the charge and 
current at any time t > 0,if E = Eye“ 


Solution: 






RC Circuit 


appling Krichhoff’s law to the cricuit, we have 


The differential equation R “ + ‘ =f 
dQ Gay Fo GS 
— fess Cc Ne 13 
dt RC R° (3) 


taking Sumudu transform of both side, we have 


dQ\ 1 Ey 
S (=) + 28(Q) = 25(e*") 


1 1 1 VE; 1 
gp 2) BR (0) ag, OC) = Fiza i a) 


applying the initial conditions Q(0) = 0 


Q@) (- i =) 7 z (; =a) 











aw (2) = 2(2), ay 


R 


Eo 1 u 
Q() = zu + aa) Gi + a 


by resolving into partial fractions, we have 


eS z iG - a) i; = 4 a ™ on 


taking inverse Sumudu transform of both sides, we have 





Eo 


Charge Q = Q(t) = 2 (+) [e-at — e-bt] 


R 
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Current | = 22 = © (=) [-ae~** + be] 


dt R 





ad Cc 
1= B= (Elie 
dt 1—-RCa/ LRC 


Conclusion: In this paper, we have 
established the application of Sumudu 
transform. Sumudu transforms are used to 
solve application in physical and electrical 
circuit problem. The result confirms that 
the Sumudu transform technique is simple 
and powerful tool. It is anticipated that 
Sumudu transform method can be used to 
find analytical 
differential equation. We noted that results 
[12] 
Sumudu transform are closely connected to 
each other. 


solution of _ linear 


of Kamal Transform see in and 


Reference: 
[1] Watugala, G.K..,: Sumudu 
transform: A new _ integral 


transform to solve differential 
equations and control engineering 
problems, international Journal of 
Mathematical Education in 
Science and technology, Vol. 24, 
pp. 35-43(1993). 


[2] Watugala, G.K..,: Sumudu 
transform: A new integral 
transform to solve differential 
equations and control engineering 
problems, Mathematical 

Engineering in Industry, 6(4), pp. 

319-329(1998). 


[3] Asiru, M.U.,: Further properties 
of the Sumudu transform and its 
applications, international Journal 
of Mathematical 
Science and technology, Vol. 33, 
no. 3, pp. 441-449(2002). 


Education in 


[4] Vashi, Janki, and Timol, M.G..,: 
Laplace and Sumudu Transform 
and their application, International 
Journal of Innovative Science, 


b-a 


t 
“RC — ae], where 


1 
—=hb)D 
RC 


Engineering & Technology, Vol. 
3, Issue 8, August (2016). 


Weerakoon, S.,: Application of 


Sumudu transform to partial 
differential equations, 
international Journal of 
Mathematical Education in 


Science and technology, Vol. 25, 
no. 2, pp. 277-283(1994). 


Poonia, Sarita,: Solution of 
differential equation using by 
Sumudu Transform, International 
Journal of Mathematics 
Computer Research, Vol. 2, Issue 
1, Jan (2013). 


and 


Elzaki, T.M.,: The new integral 
transform Elzaki Transform, 
Global Journal of Pure and 
Applied Mathematics, 7(1), pp. 
57-64(2011). 


Mahgoub, M.M.A.,: The new 
integral transform Sawi 
Transform, Advances in 
Theoretical and applied 
Mathematics, 14(1), pp. 81- 
87(2019). 


Jesuraj, C. and Rajkumar, A.,: A 
new Modified Sumudu Transform 
Called Raj Transform to Solve 
Differential Equation 
Problems in Engineering 
Science, International Journal on 
Emerging Technologies 11(2), pp. 
958-964(2020). 


and 
and 


Belgacem, F. B. M. and karaballi, 


A. A.,:  Sumudu Transform 
fundamental properties 
investigation and application, 


Hindawi Publishing Corporation 


102 


International Journal of Multidisciplinary Research Configuration, ISSN: 2582-8649, Vol. 2, No.1, January 2022 





Journal of Applied Mathematics 
and Stochastic Analysis Vol. 
2006, pp. 1-23(2006). 


[11] Belgacem, F. B. M., karaballi A. 
A., and Kalla, S.L.,: Analytical 
Investigation of the Sumudu 
Transform and Application to 
Integral Production Equations, 
Hindawi Publishing Corporation 


Mathematical Problem in 
Engineering, 3(2003), pp. 103- 
118(2003). 


[12] Basir, Huda Ibrahim Osman, 
Hassan, Mona Magzoub 
Mohammed Ahmed, et.  al., 
Application of Kamal Transform 
to Mechanics and_ Electrical 
Circuit Problem, Global Journal 
of Engineering, Science and 
Researches, 6(10), pp. 1-4(2019). 


[13] McMahon, David,: Quantum 
Mechanics Demystified, McGraw Hill, 
USA (2006). 

[14] Levi, A.A.F.J.,: Applied Quantum 
Mechanics, University of South 
California, Cambridge University 
press (2003). 


103 


